Introduction
Movements in commodity prices matter for countries" external and internal balances as well as their respective fiscal and monetary policies. It is therefore not surprising that the nature of such movements, and their determinants, have attracted so much attention in both academic and policy circles. Earlier research focused on the historical trends of primary commodity prices relative to the price of manufactured goods in the examination of the Prebisch (1950) and Singer (1950) hypothesis, as recently revisited by Harvey et al. (2010) . Attention has also focused on commodity prices" time series properties (for example, Cuddington, 1992 , Deaton, 1999 , and Cashin, et al., 2000 . Both aspects carry important welfare implications: while a declining trend in commodity prices supports the hypothesis of the so-called "resource curse" for commodity-abundant developing countries, the degree of volatility and persistence of commodities prices affects the design and effectiveness of stabilization policies.
Another relevant feature of commodity prices is their tendency to co-move.
Understanding such co-movement is just as important, because of the welfare implications for both commodity importers and exporters. Indeed, a synchronized increase in commodity prices is likely to place commodity import dependent countries under considerable inflation pressure (see Borensztein and Reinhart, 1994) . If comovements are due to substitution effects, they further foster export concentration in commodity producing countries. In both cases, the ability to diversify shocks to the current account, to manage domestic imbalances and to resist inflation pressures will be constrained.
The contemporaneous and dramatic upsurge in commodity prices in the 2000s has prompted a new search for the fundamentals that make commodity prices co-3 move. Among the alternatives, Frankel (2008) and Calvo (2008) have discussed the role of the real interest rate; Wolf (2008) and Svensson (2008) have mentioned the importance of shifts in global supply and demand. Further, Krugman (2008) has argued that the increase in oil prices, providing an incentive to produce biofuels, is responsible for the increase in food prices. Little effort, however, has so far been devoted to disentangling these hypotheses from an empirical standpoint.
In this paper, we attempt to progress the empirical evidence on primary commodity prices along different dimensions. First, we examine the extent and nature of price co-movements between primary commodities. 1 In order to perform our empirical analysis we exploit the information embedded in annual historical prices.
Specifically, we analyze 24 commodity price series observed for more than 100 years of data from 1900 to 2008. Such a low frequency should reduce the noise to signal ratio and largely eliminate the influence of speculation on commodity prices, allowing us concentrate on "fundamental" price co-movements. We first diagnose the overall co-movement in the panel, using the test statistic suggested by Ng (2006) and then apply the Bai and Ng (2004) Panel Analysis of Nonstationary and Idiosyncratic
Components (PANIC) to identify potential common factors in commodity prices.
These methods are attractive since they include statistical tests of co-movement, taking account of the time series properties of the data. Our findings highlight a sizeable degree of correlation in the data and detect the existence of a common factor.
We next investigated the relationship between commodity prices and macroeconomic determinants. Using a Factor Augmented Vector Auto Regression (FAVAR) approach, 2 we relate the identified common factor in commodity prices to 4 their macroeconomic fundamentals. Here, we draw on a stylized theoretical model that postulates the role of the real interest rate, as suggested by Frankel (2008) and Calvo (2008) , and uncertainty, as indicated by Beck (1993 Beck ( , 2001 . Furthermore, we assess whether our results are robust to alternative measures of risk or other factors, such as demand and supply shocks, as suggested by Svensson (2008) , Wolf (2008) and Krugman (2008) .
This paper proceeds as follows. Section 2 reviews the relevant empirical literature on commodity prices. Section 3 posits our stylized model of fundamental determinants of commonalities. Section 4 presents the data and the empirical evidence on the co-movements in commodity prices. Section 5 relates the common factor in commodity prices to its determinants. Section 6 concludes.
Related Empirical Literature on Commodity Prices
Movements in commodity prices are important for the welfare of both developing and developed countries (see, among the others, Lu and Neftci, 2008 , Frankel, 2008 , and Daude et al., 2010 . 3 This importance has spawned a considerable academic literature with a primary focus on their time series properties. Seminal empirical work in this area can probably be dated back to Prebisch (1950) As mentioned above, the surge in commodity prices in the 2000s has renewed the interest for the co-movement of commodity prices and their determinants. Mollick et al. (2008) , for example, investigate the role of globalization in the terms of trade of relative prices and test whether US relative prices are affected by international prices.
They do find a decreasing trend in relative prices, but argue that this trend is not 4 See, among the others, Grilli and Yang (1988) , Cuddington (1992), Leon and Soto (1997) , Kellard and Wohar (2005) , Bunzel and Vogelsang (2005) , Zanias (2005) , Balagtas and Holt (2009) and Harvey et al. (2010) . 5 In particular, Deaton (1999) underlines how industrial countries, who on average are net importers of a large range of commodities, perform very differently from less developed countries, who often export only a limited range of primary goods. Further, he argues that while world demand (imports) may determine common shocks to a wide range of prices, the impact of shocks to the world supply may differ from good to good, causing relative prices to differ.6 related to globalization or international integration. On this evidence, they conclude that policies aiming at increasing or decreasing the degree of integration with the world economy would not be effective at modifying this long term trend. Cuddington and Jerrett (2008) and Jerrett and Cuddington (2008) Without considering the role of interest rates, the relevance of risk was previously considered also by Beck (1993 Beck ( , 2001 , who discussed ARCH effects and possibly GARCH in Mean effects in commodity prices, finding mixed evidence. The importance of uncertainty for economic outcomes, and particularly for investment, has also been suggested by Dixit and Pyndick (1994) .
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The recent interest in commodity prices movements has led to additional suggestions as to their determinants. Svensson (2008) argues that global demand and supply shocks may be important for commodity prices. The importance of global demand as a determinant of commodity prices has also been highlighted by Wolf (2008) . He emphasizes the increasing demand from emerging market economies such as China and India, as they become more prominent in world trade of commodities.
Finally, according to Krugman (2008) as inventory holdings have not surged in recent years, speculation is a less convincing rationale for common or idiosyncratic movements in commodity prices. Instead, Krugman believes that a resource shortage is the main determinant of increases in the prices of primary commodities. Consistent with this view, the increase in oil prices may explain the contemporaneous increase in other commodities, such as foodstuff, via both cost effects on the energy intensive agriculture sector and substitution effects due to the increasing production of biofuels.
A recent empirical literature has investigated the determinants of fluctuations in commodity prices. This literature only partly relates to the above explanations. They find evidence in favor of industrial production and exchange rates, but no robust evidence of oil or interest rate effects.
Our study differs from past empirical work in many aspects. First, we take a long run historical perspective and look at commonalities in commodity prices over more than a century of yearly data. In this respect, our work tries to assess the contemporary explanations for commodity price movements against the historical evidence. The use of low frequency and long span data increases further the noise to signal ratio in terms of "fundamental" co-movement and reduces the extent of "excess" co-movement due to speculation, as suggested by Pyndick and Rotemberg (1990) . 8 Second, accounting for the time series properties of the data using nonstationary panel methods, we utilize Uniform Spacings and the PANIC approach to investigate and summarize such co-movements and integrate these methods in a FAVAR analysis. Third, we integrate Frankel (2008) with Beck (1993 Beck ( , 2001 ) and look at both the role of interest rates and risk as determinants of commonalities in commodity prices. Further, we control for the role of global demand and supply shocks along the lines discussed by Svensson (2008) , Wolf (2008) and Krugman (2008) .
A Stylized Model of Commodity Prices
Frankel (2008), Svensson (2008) and Calvo (2008) emphasize the theoretical link between real interest rates and real commodity prices. Svensson (2008) suggests that if commodities prices are determined just like any other asset, they should amount to discounted present values of future returns. A rise in real rates will raise the discount factor, the present value of future returns will fall and so will today"s commodity prices. Intuitively, and consistent with the sign of this relationship, a rise in real interest rates on bonds will lead to less speculation in commodities as economic agents look to invest in fixed income assets. We firstly set out the importance of real rates of return and then proceed to consider other potentially important determinants.
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We can set out a simple asset pricing model in which real commodity prices are dependent upon real interest rates, along the lines of Frankel (1986 Frankel ( , 2008 . We abstract from expected storage costs by assuming they are constant. 10 Due to arbitrage, the expected return on commodity prices in the next period will be equal to the real rate of return. Where the current period expect price of commodity prices in the next period is denoted by E t CP t+1 and the real rate of return is r t for a risk free asset, for example a US Treasury Bill. Algebraically, the risk neutral rational valuation formula is as follows:
which can be re-arranged to give:
10 Equation (2) 
Equation (3) suggests that commodity prices are based upon their future values and the real interest rate, where γ < 0 is a constant parameter. The negative coefficient on R t is the main rationale suggested by Frankel (2008) and Svensson (2008) why permissive monetary policy in the 2000s lead to high commodity prices. Whilst equation (3) has intuitive appeal, it requires further specification to make it empirically operational. Therefore, we forward iterate the log of real commodity prices, which, ruling out an explosive solution, is based upon current and future values of the real interest rate
where real interest rates are an AR(1) process, R t = δR t+1 , and note that E t R t+k = δ k R t this gives us the following equation, since
Where f(.) is the relationship between the log of commodity prices and real interest rates.
However, Frankel (2008) and Svensson (2008) Pindyck (1994) would also suggest a role for uncertainty as a determinant of price, but with an opposite sign. Investment in the production of primary commodities may be irreversible. Consequently price uncertainty would increase the option value of waiting, the opportunity costs of deciding to invest in production and the price of commodities.
The simple model presented above can be reformulated to accommodate risk averse investors by including a time varying risk premium, ρ t , in equation (1). The return to commodities is then as follows:
This subsequently yields a relationship between commodity prices, real interest rates and the risk premium. We do not assume that the estimated coefficients on risk, ρ t , and risk free return, R t , will be equivalent.
How can this risk be modeled? Engle, Lilien and Robins (1987) model asset prices using an ARCH in mean approach. This has also been adopted for individual commodities by Beck (2001), although with mixed success. Here, we extend Beck"s approach by simultaneously considering the role of risk and interest rates as potential determinants of commonalities in commodity prices. Specifically, we utilize stock market risk, based on the standard deviation of monthly stock prices.
11
We consequently examine the role of real commodity prices, real interest rate and risk in a VAR system. 12 This is similar to the approach adopted by Bernanke et al. (2005) in the sense that they utilize the information from a factor of economic activity variables and incorporate this into a VAR when examining the impact of monetary policy on output and prices. 13 We are primarily interested in the relationship between commonalities in commodity prices, real interest rates and risk. Following the notation of Bernanke et al. (2005), within the FAVAR the transition equation is as follows:
Equation (8) consists of the common factor (F t ), the matrix X t which contains the real interest rate and risk term and a lag polynomial (i.e. ) (L  ) with lag order four. As an identification scheme for the residuals (v t ) is required, we use Koop et al. (1996) Generalized Impulses responses to examine the impact of risk and real interest rates on real commodity prices; our results are thus not sensitivity to the ordering of the VAR, as would be the case with an identification scheme based on the Cholesky decomposition. Before we implement the FAVAR, we investigate commonalities in prices.
Commonalities in Commodity Prices
As discussed above, we aim at investigating the co-movements in commodity prices and how these co-movements relate to determinants of commodity prices discussed in the literature. In order to pursue this objective, we first employ the 12 Frankel (2008) examines the impact of risk and demand on inventory levels of oil. We examine the impact on commodity prices. All variables were stationary, see Table A2 in the Appendix. 13 Bernanke et al. (2005) identify a negative relationship between nominal interest rates and NAPM commodity prices. See also Sims (1992) for an examination of monetary policy with a role for commodity prices to ameliorate price puzzles.
Uniform Spacings approach of Ng (2006) and statistically assess the degree and pervasiveness of co-movement between commodity prices. Further, we use the factor model from Bai and Ng (2004) to examine the time series properties of the common and idiosyncratic elements and to investigate whether co-movement can be summarized by common factors. Finally, we consider potential determinants of such common elements, in real terms, using a Factor Augments VAR following Bernanke et al. (2005) and GARCH in Mean following Beck (2001).
Data
In order to reduce the noise to signal ratio in the data, we have run this investigation on a long span of yearly data. The quality of the historical data used in empirical work is one of the main disputes in the literature on commodity prices. This dispute was settled by Grilli and Yang (GY, 1988) , who collected and summarized in a single trade weighted index 24 prices of internationally traded non-fuel commodities for the period 1900 to 1986. 14 Since, their dataset (or variants) has become the most widely used for empirical research on historical commodity prices. The original data from GY has been recently revised and updated to 2003 by Pfaffenzeller et al. (2007) . Ng (2006) , suing an AR (1) approach. There are n = N·(N-1)/2 = 276 correlations, for N = 24. Panel B examines the stationarity properties of our panel time series by examining the unit root of factor nonstationarity and idiosyncratic nonstationarity. We use annual data on commodity prices from 1900 to 2008 (N = 24, T = 109). We identify the factor structure using an information criterion from Bai and Ng (2002) . For the factor unit root test, we reject the null hypothesis of a unit root for large negative (less than -2.89) and for the idiosyncratic component we reject the null hypothesis of a unit root for large positive values of the test statistic
Uniform Spacings Analysis
To assess the pervasiveness of co-movement in commodity prices, we first We find evidence of a significant degree of correlation in our panel (see Panel A, Table 1 ). The SVR for the large group of correlations, which represent about 70% of the data (i.e. ˆ= 0.31), has a test statistic of 4.504, when the 5% critical value is 1.65, and hence allows us to reject the null hypothesis of no significant correlation in our 24 commodity price indexes. For the remaining 30% of correlations in the small group we cannot reject the null hypothesis of no linear association. Similarly, a q-q plot of correlations in Figure 1 visually shows a significant amount of correlation pervasiveness in commodity prices, with some degree of heterogeneity. The substantial fraction of significant correlations suggests that common factors may lie at the root of this co-movement. This is more formally explored in the next section. 
Commonalties in the Level of Commodity Prices
As the uniform spacings correlations point to a sizeable (albeit incomplete) correlation structure, we next test for the evidence of common factors using the Bai and Ng (2004) PANIC approach.
15 Therefore, we assume that our commodity price series (CP it ) consist of both a common factor (F t ) and an idiosyncratic component (u it ):
15 Principal components analysis has also, recently, been adopted by Jerrett and Cuddington (2008) and Vansteenkiste (2009) To identify the appropriate number of common factors, we use the information criteria from Bai and Ng (2002) . Results presented in Panel B of Table 1 show that information criteria IC1 and IC2 suggest that there are at least 5 common factors in the data and the third information criterion, IC3, suggests that there is only one. Since Bai and Ng (2002) regard this criterion as more reliable in the presence of cross sectional correlation, we conclude in favor of the latter.
Figure 2. First Principal Component of Commodity Prices
Notes: This figure presents the principal component (pc) of historical commodity prices and compares it to the GrilliYang (gy) Index. Three statistics are presented to assess the importance of the factor for each commodity price series (see Table 2 ). The first statistic, equal to the ratio of the (1); they should be larger for series that are more related to the common factor. [1] σ Ft / σ uit [2] λ i [3] Aluminum Notes: [1] ratio of standard deviation of idiosyncratic component to standard deviation of differenced data, if all variation idiosyncratic then tends to one (i.e. R 2 =σ Δuit /σ ΔCPit ); [2] standard deviation of common to idiosyncratic component, if all variation idiosyncratic then this tends to zero (i.e. σ Ft / σ uit = 0); and [3] The factor loadings (λ i ) from equation 1. We highlight in bold cross sectional units where the ratio of the common to the idiosyncratic variability is greater than 0.5, indicating that the majority of variation is explained by the factor. Table 2 shows that the common factor explains more than half of the variation in the prices of Copper, Silver, Wheat and Sugar, and a substantial degree of the variation in the prices of Maize, Palm Oil, Rubber, Silver and Tin. The prices of Tobacco, Hides and Lamb, however, seem to be less tied to the common factor and, hence, show more idiosyncratic behavior. While this finding points to some degree of heterogeneity in the co-movement of commodity prices, as also suggested by the SVR statistic, nevertheless a large degree of the historical variability of the majority of commodity prices seems to be determined by a non-stationary common factor.
We next investigate to what extend this common factor can be related to macroeconomic fundamentals
The Common Factor in Commodity Prices and Its Determinants
In this section, we examine the relationship between the principal component of the 24 commodity prices and the macroeconomic determinants discussed in the literature. Since Frenkel (2008) and Svensson (2008) refer to real prices, we deflate the identified principal component using the US CPI. This transformation also ensures that our non-stationary principal component becomes stationary in real terms, as it can be seen from Table A2 . While we focus on the role of the real interest rate and risk as determinants of commodity prices, we also investigate the role of global demand, as proxied by the growth rate of US real GDP, and of real crude oil prices, interpreted here as a measure of supply shocks. Figure 3 provides bivariate scatter plots between these four variables and the real principal component in commodity prices. While a negative relationship seems to emerge with risk and return, the real commodity prices component seems to be positively correlated with US economic growth and the real price of oil. (1993) and Dixit and Pindyck (1994) , that risk and uncertainty are associated with movements in commodity prices. Response of PC to RISK Notes: This figure presents the response of real primary commodities (PC) to a generalized one standard deviation innovation in real interest rates (R) and risk (RISK). Identification of the residuals of the VAR is by Koop et al. (1996) . Also included are ± two asymptotic standard error bands.
Bivariate Scatter Plots

Robustness Checks
We consider several robustness exercises related to the measurement of risk; generated regressors problems; robustness to demand and supply shocks; and the nature of oil prices shocks. We first examine the sensitivity of our results to an alternative measure of risk, derived as the conditional variance of commodity prices based on an IGARCH in mean specification. The GARCH in mean approach is not only robust to the generated regressors problem (see Pagan and Ullah, 1996) , but it also captures the risk term. Impulse responses of our alternative risk measure retain the finding that uncertainty has a negative impact on commodity prices. Model specifications tests and impulse responses to a VAR based on this alternative measure of risk are presented in Table A3 and Figure A3 in the Appendix.
Our results also remain robust to the inclusion of additional explanatory variables suggested by Svensson (2008) , Wolf (2008) and Krugman (2008) . Figure 5 indicates that real interest rates and risk are both related to the price of commodities in such an extended FAVAR system, with the same sign, approximate magnitude and statistical significance as before. While, as expected, global demand shocks and oil price shocks are associated with increases in relative commodity prices, their incorporation in our extend VAR system does not weaken the established link with real interest rates and risk. Finally, as real oil prices are found to be nonstationary (see Table A2 ), we both consider model specifications with real interest rates in levels and first differences. Impulse responses of both model specifications are found to be qualitatively similar (see Figure A4 ). Although return and risk both appear to have a greater effect in magnitude than supply and demand shocks, especially in the initial period. Therefore, while it has been suggested by Svensson (2008) , Wolf (2008) and Krugman (2008) that demand and supply factors are important for commonalities for commodity prices, we are of the view that they remain driven in the short-term by responses to real interest rate and risk. Response of PC to OIL Notes: These graphs provide the response of primary commodities (PC) to a generalized one standard deviation innovation in real interest rates (R), risk (RISK), economic growth (DY) and real oil prices (OIL). Identification of the residuals of the VAR is by Koop et al. (1996) . Also included are ± two asymptotic standard error bands.
Conclusions
The recent surge in commodity prices has brought new momentum to the spirited debate in academic and policy circles on large swings in commodity prices and their determinants. In this paper, we draw attention to the co-movement of commodity prices. We address the issue of co-movement using the correlation methodology of Ng (2006) and the nonstationary Panel factor model from Bai and Ng (2004) . We find evidence of co-movement of commodity prices within a methodology that acknowledges that the time series may be nonstationary.
The above analysis returns significant evidence of co-movement in commodity prices and, importantly, it identifies a common factor. Building on a simple asset pricing model of commodity prices, we empirically relate this common factor in real terms to the real interest rate, as also recently suggested by Frankel (2008) and Svensson (2008) , and to risk, as previously suggested by Beck (1993 Beck ( , 2001 . Within a Factor Augmented VAR framework, we support a negative relationship between real interest rate and real commodity prices, with shocks to the real interest rates being absorbed within a five years period. Risk, captured by a measure of stock market uncertainty, is also negatively related to commodity prices, as set out in a simple asset pricing model, but with a shorter term impact. Our results are robust to the inclusion of shocks to proxies for global demand and supply, which appear positively related to the common factor in commodity prices. Hence, we cannot discount the views of Svensson (2008) , Wolf (2008) and Krugman (2008) , although the initial period impact of global demand and supply factors are smaller than those of the real interest rate and risk.
Importantly, our results confirm the relevance of the real interest rate for commodity prices and are consistent with the view that looser monetary policy may lead to higher commodity prices. Hence, to the extent that prices are important for stabilization policies, monetary policy should be cognizant of its impact on commonalities in commodity prices. 
Data Appendix
GARCH Estimates
The GARCH in Mean model is as follows. Where pc t is the real principal component of the price of commodities, σ t 2 is the conditional heteroscedasticity, and we have the residual term a t . A simple GARCH model [1] in Table A3 is mis-specified since α 1 +β 1 >1. Equation [2] has a GARCH in Mean, although is also mis-specified. Consequently we impose IGARCH in Mean, equation [3] . This is no longer mis-specified, there is a negative and significant GARCH in mean term. This is also robust to the inclusion of the real interest rate. Notes: GARCH Mean estimate of volatility, based upon equation [3] of Table A3 . Response of PC to GARCH03
Notes: These graphs provide the response of primary commodities (pc) to a generalized one standard deviation innovation in real interest rates (R) and risk (risk). The latter is measured by the risk term from a GARCH in mean (see Table A3 , equation [3] ). Identification of the residuals of the VAR is by Koop et al. (1996) . Also included are ± two asymptotic standard error bands. Response of PC to DOIL Notes: These graphs provide the response of primary commodities (pc) to a generalized one standard deviation innovation in real interest rates (R), risk (RISK), demand (DY) and supply (DOIL). Risk is measured by the risk term from the stock market. Identification of the residuals of the VAR is by Koop et al. (1996) . Also included are ± two asymptotic standard error bands.
Figure A4. Determinants of Commonalities in Primary Commodities
